This paper provides empirical evidence that young university spin-offs are more likely to receive venture capital than other technological start-ups. In addition, this fact is explained mainly by the lack of managerial skills among the founders of certain university spin-offs. The data used has been obtained from a questionnaire answered by 64 Spanish technological firms founded between the years 1993 and 2005. Forty of the firms are university spin-offs; the remainder are independent technology-based startups. The results support the complementary-assets view that academic entrepreneurs use venture capitalists as a means of gaining access to managerial skills. These results are maintained even when we control for financial constraints, levels of debt and intellectual-property protection. Although these latter variables explain why certain high-tech firms are more likely to receive venture capital, we do not find statistical evidence that they explain the differences between university spin-offs and technological start-ups in terms of being backed by venture capitalists. The results therefore suggest that universities and policy makers can stimulate the creation and growth of university spin-offs by facilitating contact and trust between venture capitalists and academic entrepreneurs, mostly with respect to those cases in which there is a severe lack of managerial skills.
I. INTRODUCTION
Research-based university spin-offs have become an important issue within the university technology transfer process (Di Gregorio and Shane, 2003; Wright et al., 2004a and 2004b) , attracting more and more interest among academic researchers (Mustar et al., 2006) . The main challenge of this literature is to discover and explain the existing differences between university spin-offs and similar technology-based start-ups that have appeared in other environments than those associated with universities.
It is well established in the literature (Colombo and Delmastro, 2002; Shane, 2004 ) that the founders of university spin-offs usually have more formal education levels -due to their academic origin (Siegel, Waldman and Link, 2003; Ndonzuau, Pirnay and Surlemont, 2002 ) -but less managerial skills (Shane and Khurana, 2003; Shane, 2004; Vohora et al., 2004) than their counterparts. In fact, Ensley and Hmielski (2005) present evidence from the US that the founders of university spin-offs tend to be more homogenous and have less developed dynamics than those developed by independent start-ups.
Much of the literature has emphasized in other contexts that founding teams are important because their characteristics have an impact on the organizational structure and performance of firms (Kimberly, 1979; Boeker, 1988; Eisendhardt and Schoonhoven, 1990; Baron et al., 1996) . There is empirical evidence that this could also be the case with university spin-offs. In this regard, Chrisman et al. (1995) and Ensley and Hmieleski (2005) have reported that university spin-offs on average perform more poorly than independent start-ups but it is not known whether such characteristics have any consequences for their financing policies, and more concretely for their capacity to attract more venture capital.
The existing evidence is restricted to a couple of studies. Toole and Czarnitzki (2007) found that academic entrepreneurs are 2.1% more likely to obtain venture capital than other entrepreneurs after controlling for different variables. Wright et al. (2006) found that 6.5% of university spin-off proposals at the seed stage and 13% of university spinoff proposals at the start-up stage receive venture capital investment while only around 1-2% of independent start-up proposals at any stage of development are accepted for venture capital investment. In addition, if the rate of proposals is at least the same between university spin-offs and independent start-ups, then the above evidence seems to suggest that university spin-offs could have a greater capacity to attract venture capitalists than independent start-ups. Aside from this evidence, there is a lack of research on this topic.
The present paper helps to start filling this gap. In this regard, it provides evidence of the differences in the presence of venture capitalists between university spin-offs and other independent high-tech start-ups in Spain. Of special interest is the provision of insights that might explain such differences, and more concretely test whether the aforementioned differences in managerial skills are one of those possible explanations.
The evidence comes from a questionnaire answered in 2006 by 64 Spanish technological firms founded between 1993 and 2005. Forty of the firms were university spin-offs, and for purposes of comparison, the remaining set of firms were independent technology based start-ups.
The paper is organized as follows. The following section develops the hypotheses to be tested from the existing literature by analyzing the determinants of how a high-tech firm is financed by a venture capitalist. The third section presents the research design, the data construction and the methodology for testing such arguments. Section four presents the empirical tests. The paper ends with a discussion of the results and the conclusions.
II. THEORY AND HYPOTHESES
The theoretical arguments are borrowed from the literature analyzing the relationships between venture capitalists and high-tech firms. According to initial qualitative studies (Macmillan et al.,1985 and 1987; Muzyka et al., 1996; or Shepherd et al., 2000) based on the perception of venture capitalists, their basic requirement is for managers to have managerial experience and industry-related competence. Recent quantitative evidence is consistent with this view (Patzelt et al., 2009; Dawson, 2009) . By extension, it could be argued that the lack of managerial skills of academic entrepreneurs could imply more difficulties in attracting venture capital. This would be the case if all high-tech firms demand venture capital funds.
A usual theoretical framework for understanding the presence of venture capitalists in high-tech firms, the pecking order argument (Roberts, 1991; Watson and Wilson, 2002) suggests that this will not be the case. When technological entrepreneurs decide on their firms' financial structure, a major concern is to pursue the protection of their innovations and consequently their economic income, at least during the early stages of the project. Consequently, in order to avoid equity dilution they will first prefer to provide themselves with the required funds. Giudici and Paleari (2000) and Brau and Fawcett (2006) present evidence that an important goal of those entrepreneurs is to preserve decision-making control and ownership. This opens the question of which firms are going to be more interested in being backed by venture capitalists.
Departing from the complementary assets view first presented by Teece (1986): "In almost all the cases, the successful commercialization of an innovation requires that the know-how in question be utilized in conjunction with other capabilities or assets. Services such as marketing, competitive manufacturing and after sales support are almost always needed" (p.288). Colombo and Grilli (2009) suggest that venture capitalists not only supply finance but also complement the firms' assets as they finance them. Venture capitalists could provide direct consultancy services contributing to managerial "professionalization" or, even if they do not provide this directly, they could nevertheless facilitate access to such services. There is some previous evidence that supports this argumentation. Kaplan and Stömberg (2004) observe that venture capitalists that have more participation in the firm tend to be more integrated in its management. Baum and Silverman (2004) present evidence that venture capitalists finance start-ups that have strong technology but are at risk of failure in the short run, and therefore have the need of managerial expertise.
Finally, Hellman and Puri (2002) and Beckman et al. (2007) show that venture capitalists alter the founding team with positive consequences on the performance of the firm.
So we have two contradictory predictions. From the complementary assets view (Teece, 1986; Colombo and Grilli, 2009 ) it seems that university spin-offs are more likely to seek venture capital than other independent technological start-ups. From the criteria selection of venture capitalists (Macmillan et al., 1985 and 1987; Muzyka et al., 1996;  or Shepherd et al., 2000) it seems that independent technological start-ups will be more likely to be backed.
The existing evidence on the likelihood of acquiring venture capital funds by high-tech start-ups could shed some light on this debate. Clarysse et al. (2007a) found that teams composed of founders with a lack of managerial skills are more likely to receive venture capitalists' funds and develop boards with external members that have skills which complement the founding team. Moreover, Shane and Stuart (2002) found a negative and significant relation between founding teams with previous start-up experience and the reception of venture capital. Finally, this evidence was complemented by Heirman and Clarysse (2004) . From a dataset of 99 Belgium firms they showed that start-ups that receive venture capital have a lower amount of managerial and sector experience than those defined as transitional or product start-ups. The results above seem to suggest that the complementary assets view could prevail. As one would expect university spin-offs to have a lack of managerial skills in comparison to high-tech independent start-ups, the above arguments can be summarized by the following hypothesis:
Hypothesis 1: The likelihood of being backed by a venture capitalist is higher in university spin-offs than in independent start-ups.
A test of the above hypothesis requires two samples of firms, one of university spin-offs and another of independent start-ups. In fact, the above hypothesis assumes that there is variability in the presence of venture capitalists between groups or samples, but does not ask for the causes of such variability. So Hypothesis 1, in itself, does not provide evidence that such differences are really explained by the complementary assets view, or more concretely, by differences in managerial skills. If the differences in managerial skills explain part of such variability between groups, one would also expect the differences between university spin-offs and independent start-ups to diminish or even disappear when the managerial teams of one and another firm have similar managerial skills.
Hypothesis 2:
The likelihood of being backed by a venture capitalist is the same for those university spin-offs and independent start-ups founded by teams with the same managerial skills.
Obviously, differences between the management teams are not the only explanation provided in the literature for why a high-tech firm could acquire venture capital, so it is important to control for such alternative explanations. Consistently with the pecking order argument, Chandler and Hanks (1998) postulate that the amount of funds initially provided by the entrepreneurs may result from contributing all they can give to the business. Therefore demand for venture capital finance may come disproportionately from high-tech firms with higher required investment (such as R&D expenditure), or in other words from those firms in which the limited resources of the entrepreneurs entail financial constraints (Westhead and Storey, 1997) .
The existence of financial constraints is difficult to detect. At least two variables seem relevant, the wealth of the entrepreneurs and the project funding requirements. The entrepreneurs' wealth, even proxy variables such as human capital and the age of the founders (Xu, 1998; Astebro and Bernhardt, 1999) , are usually unavailable to researchers. Assuming that the wealth of the entrepreneurs is independent of the firms financed, one would expect that the higher the assets per entrepreneur of a firm, the lower the capability of providing funds will be. So one alternative explanation for why university spin-offs have more venture capital could be that they have more financial constraints.
The existing evidence about the relationship between the number of founders and the presence of venture capital is based on univariate analysis (correlations and differences of means), and the results are contradictory. While some studies do not find a significant relationship (Stuart and Abetti, 1990; Almus and Nerlinger, 1999; and Clarysse et al., 2007a) , some find a positive one (Cooper and Bruno, 1977; Roberts, 1991; Heirman and Clarysse, 2004) While Beckman et al. (2007) found that both variables have a positive and significant influence in enhancing venture capital reception, Hogan and Hutson (2005) found that while the size of the initial founding team has a negative (but non-significant) effect, the size of the firm significantly raises the probability of receiving venture capital. Notice that the latter is consistent with financial constraint arguments.
Furthermore, the pecking order argument also implies that when a contributor's funds are exhausted, debt is preferred to venture capital. Obviously, when contributors do not have such funds, debt seems to provide more protection of their innovations than venture capital. The founders can more easily limit access to relevant technological information to creditors than to such other shareholders as venture capitalists. So venture capitalists are only going to be used when firms have no further access to debt.
Consequently, a positive correlation is expected between the presence of venture capital and a firm's level of debt. Previous evidence from a sample of 8,100 small and medium firms in the US found a positive and significant relation between the use of bank loans and the likelihood of the presence of venture capital (Ou and Haynes, 2006) . Those authors suggest an alternative interpretation of these results based on the idea that different entrepreneurs' attitudes to risk will influence the financial structure of firms.
Summing up, another alternative explanation for why university spin-offs have more venture capital could be that they have higher levels of debt.
Following the pecking order argumentations, when the founder's inventions are not well-protected, the venture capitalist can transmit this informal knowledge to other firms with which they are cooperating or investing. So in the cases in which founders are able to protect their innovations, or intellectual property, this risk is lower, so a higher presence of venture capitalists is to be expected. This relationship has also been justified by other arguments. Hellman and Puri (2000) suggest that in an environment with imperfect information on the quality of the projects, intellectual property protection is a way of signaling good projects and therefore attracts the attention of venture capitalists (Mann and Sager, 2007) .
Previous evidence supports this prediction. It has been shown that intellectual property protection (through patents) influences the investment decisions of venture capitalists (Baum and Silverman, 2004) namely because patents signal quality and because patented technology is potentially more easy to sell. Hellmann and Puri (2000) find that those firms that follow an innovative strategy are more likely to obtain venture funding than imitating firms. Shane and Stuart (2002) found that each patent registered by a firm increases the probability of having venture capital funds by 2.7%, although their results are not statistically significant. Colombo et al. (2006) estimate an increase of 5.2% in the likelihood of having a commercial alliance and 3.5% of having a technological alliance for each patent registered. Engel and Keilbach (2007) found evidence that having registered patents increases the probability of the venture capitalist getting involved in the financing at start-up. Clarysse et al. (2007b) found that university spinoffs with formal technology transfer (patents) raise a large amount of capital at start-up.
Some authors (Arora et al., 2001; Bessen and Meurer, 2008) show that the viability and effectiveness of intellectual property protection through patents is highly sector specific and is also strongly related with the nature of the technology. An alternative explanation for why university spin-offs have more venture capitalists than independent start-ups could be the nature of the technology developed that makes it potentially more patentable.
Note that the described factors do not exhaust the possible explanations for why university spin-offs can be more backed up by venture capitalists than independent start-ups. Macho et al. (2007) argue that Technological Transfer Office (TTO) has a reputation to maintain, so university spin-offs will have on average better entrepreneurial projects attracting more venture capital. Wright et al. (2006) made an exploratory study in order to find out about TTO directors' perceptions of venture capital. From 11 interviews with UK TTOs they found that those institutions had a clear preference for external finance or venture capital. So although the mentioned factors such as managerial skills, financial constraints, degree of debt or intellectual property protection can explain part of the variability between university spin-offs and independent start-ups, part of such variability could remain unexplained by the idiosyncrasies of universities, such as, for example, the presence of TTO's.
Summing up, the existing literature has analyzed the factors explaining the variability in the presence of venture capitalists within high-tech start-ups (see Champenois et al. (2006) for a summary), but remains silent about the variability between university spinoffs and independent start-ups. So, our purpose is to shed some light on this issue.
III. RESEARCH DESIGN Data Construction
In order to test the hypotheses formulated we constructed two comparable databases of young independent technological start-ups and university spin-offs in Spain. Obviously the main problem is that in Spain there is neither official nor unofficial census of these kinds of firms. So for the case of university spin-offs the first step was to identify some of them. Between March and April 2006 we contacted the Technological Transfer Office (TTO) of the 58 Spanish public universities existing at that time. 37 of those offices attended to our requirements, an answer rate of 64%. Nine of these TTOs reported that they did not have spin-offs yet but they were interested in their creation.
The other TTOs sent us a list with contact information for the spin-offs, which was complemented with information available on different web pages. Thus, we were able to electronically contact 495 Spin-offs from 28 Spanish universities.
In fact, there are different definitions of the phenomenon of university spin-offs. The range goes from restrictive (Shane, 2004) to wide definitions (Roberts, 1991) . In this regard, Shane (2004) defines the university spin-off as a new company founded to exploit a piece of intellectual property created in an academic institution. On the contrary, Roberts (1991) defines university spin-offs as firms founded by anyone that worked or studied at a university. In order to be sure about the definition used by the TTOs to classify a firm as a spin-off, we asked them. The vast majority coincide with Roberts' definition of considering spin-offs to be those companies where the founders have previously been members of a university (students or professors) and the TTO has taken a relevant role in the creation of that company.
The second step was to send a questionnaire to those spin-offs. Between June and September of 2006 the questionnaire was sent to the founders of the university spin-offs using Survey-Monkey services 1 . The questionnaire was previously tested with experts on these topics 2 .
The number of finally answered questionnaires was 72. After removing incomplete answers the sample was reduced to 40 firms, 8% of the initially identified university spin-offs. From Column 1 in has identified them as being so. A possible drawback is that this procedure could introduce some biases. The identification is based on the aids provided by the CDTI.
The main criteria used for providing such aids are the entrepreneurial viability of the innovation project, so this seems to be the most important potential bias. suggest that the presence of venture capitalists could be used by public institutions as a positive signal for providing aids. So, a priori, if some bias is expected, our comparative sample would have a greater presence of venture capital than the population of high-tech start-ups. We were at least able to list 167 firms.
In the case of the comparative sample, the e-mail addresses were not available, so the questionnaire was sent by post 5 between October 2006 and January 2007, obtaining 29
answers. Before sending the questionnaires we checked that none of the firms were on the list of university spin-offs and after receiving the questionnaire we checked that none of the founders of the CDTI firms were contractually linked with universities and that all of them were working in other companies before founding the start-up. After removing incomplete answers our sample was reduced to 24 firms, an answer ratio of 15%. As the questionnaire sent to university spin-offs and technological start-ups was the same, we did not expect differences between samples in terms of the firms that did not answer it. Table 1 compares the characteristics of both samples. Pharmaceutics with 6%. In the independent start-ups sample, the representation of
Computer Science is lower than in the university spin-offs sample, with a higher representation of the Research and Development sector. However, we can not reject (at the usual levels of significance) that the distribution of sectors is the same for both samples.
Definition of variables
A cross-section analysis will be conducted with the information extracted from a broad questionnaire addressed at the current managers of the firm and structured into two blocks, the first part focused on the current characteristics of the firm and the second on those at the moment of foundation (see Appendix 1). The fact that in most cases (86%) the initial entrepreneurs are still in the firm, coupled with the short life of the firms (on average less than 6 years), made us confident about the answers relating to foundation, or more concretely founding team size and the managerial skills of the founders prior to foundation.
The research question is related with the presence of venture capital in the firms.
Therefore the dependent variable is a dummy (VC) that measures whether the firm is currently financed by venture capitalists (value 1) or not (value 0). As shown in Table 2 only 14% of the firms in the sample have received such funds. This ratio is close to that identified in similar studies. For example, Heirman and Clarysse (2004) and Clarysse et al. (2007a) use Belgian samples in which 12-13% of the companies received venture capital.
The hypotheses have been formulated in terms of differences between university spinoffs and high-tech independent start-ups. For that purpose the dummy variable
University Spin-off (USO) is used. This variable takes the value one for university spinoffs and zero otherwise. As shown in Table 2 university spin-offs finally represent 62.5% of the sample and 89% of the firms financed by venture capitalists, which seems consistent with Hypothesis 1.
[Insert Table 2 about here]
Based on the complementary assets arguments, Hypothesis 2 postulates that the greater presence of venture capital is due to differences in managerial skills. Stuart and Abetti (1990) suggest that the required knowledge for managing a firm comes almost exclusively from practical experience and/or creating a new firm. Each of the founding members of the firms was asked whether they had any background in practical management at the time of foundation or whether they had created a company before.
This also enabled us to avoid problems with reverse causality, due to all the venture capitalists joining the firm after its foundation. In all the independent start-ups at least one founder claims to have practical managerial experience, while in 35% of the university spin-offs none of the founding members recognized any kind of previous managerial experience. Notice that this distribution is consistent with previous literature (Shane and Kurhana, 2003; Ensley and Hmieleski, 2005) . So to test Hypothesis 2, the university spin-offs were classified into two groups, (i) USO with lack of managerial skills compared to independent start-ups (none of the members of the founding team had managerial experience) and (ii) USO with equal managerial skills as independent startups (some or all of the members of the founding team had managerial experience).
The theoretical section emphasizes the need to control for alternative explanations.
More concretely, previous studies suggest that the presence of venture capitalists in high-technology firms can be related with the financial constraints of the firm, its degree of debt or its intellectual property protection.
As discussed in the theoretical section, the measurement of financial constraints is difficult. At least, the total financial requirements can be measured by the total assets of the firm. This information is only available for some firms but there are many missing values. One variable that is highly correlated with the total assets of the firm (Hopkins, 1988 ) is the number of employees (in our case it can explain 66.56% of the total asset variability). As this variable usually has a skew distribution, previous empirical studies transform it into logarithms. As in our case this enhances the explanatory power of the models, we will also use their logarithm (Ln current employees). According to The degree of debt can also affect the presence of venture capital. Like the degree of debt is computed by the proportion of the current leverage ratio as total debt (or liabilities minus equity) over total liabilities 6 . As can be seen in Table 2 , debt represents 47.9%, on average, of the total liabilities of the firms in the sample. Consistent with the theoretical framework presented, venture capitalists have higher debt ratios (53%) than other firms (48%). It is important to note that in 15 firms equity represents 100% of the total liabilities 7 .
Intellectual property protection can also favour the presence of venture capital.
Although patents have been used as a proxy for intellectual property protection, Arora et al. (2008) argue that firms patent an invention when the property right provides additional income in comparison with alternative means of appropriating value, what they call "patent premium", consequently the amount of patents is not sufficient to approximate intellectual property protection. In order to complement the information on patents, and following Shane and Stuart (2002) and Colombo et al. (2006) , IP protection is measured as the sum of the current stock of licenses 8 , patents, and the firm's own brands 9 . The mean is 1.32 rights over innovations per firm, see Table 2 ). This is a cross-section study, but two variables were measured at the time of foundation (size of the team and managerial skills). Given that the level of changes produced in those variables since the foundation until now can be correlated with the age, and the differences in the ages of firms' between the two samples analyzed are statistically significant (at 10% level, see Table 1 ), we controlled in the estimations for the variable Age of the firm. It is worth noting that firms are, on average, of a similar age whether they received venture capital funds (6) or did not (5.58), see Table 2 .
We also controlled for the economic sector in the regressions. By some difference,
Computer Science is the sector that accumulates the largest number of firms, is the one whose representation changes most between university spin-offs and the comparative sample, and is the only one that in other tests presented some specificity with respect to the other economic sectors 10 . Therefore it is the only economic sector considered. The dummy variable Computer Science takes the value one if the firm belongs to this economic sector and zero otherwise. The proportion of firms belonging to Computer
Science is larger when the firms do not receive venture capital funds (32.7%) in comparison to when they do (22.2%), see Table 2 . 8 We test whether the age of the firm depends on the current stock of formal innovations. The parameter was positive but far from significant. Consequently we cannot reject the null hypothesis that the parameter equals zero. 9 Note that this variable can be interpreted simply as the innovative output. The limitation would then be that it does not take into account other types of innovation (i.e. informal innovation). 10 These tests are available from the authors upon request.
IV. EMPIRICAL TESTS
Our first concern was to test whether university spin-offs are more likely to be financed by venture capitalists (Hypothesis 1). To test this, we estimated (via PROBIT and LOGIT models) Model 1 where the dependent variable is venture capital (VC) and the independent ones are university spin-offs (USO) and the set of control variables: the economic sector and the age of the firm. Table 3 presents the results.
[Insert Table 3 about here]
The only significant coefficient is university spin-offs, which is positive and statistically significant at the 5% level. In particular, ceteris paribus, from the LOGIT estimation university spin-offs are 18.5% more likely to have relations with a venture capitalist than independent start-ups. This result supports Hypothesis 1.
Our second concern is to find possible explanations for such differences. Table 4 presents the tests. Model 4 shows estimations of the log-likelihood of being backed by a venture capitalist using as independent variables differences in managerial skills and all the control variables defined in the section above, current employees, team size, degree of debt, IP protection and unknown IP protection, age and Computer Science. Although the comments will be based mostly on such estimations, references will be made to the other models presented in Table 4 omitting some of the independent variables mentioned above.
[Insert Table 4 about here]
The complementary assets perspective, summarized in Hypothesis 2, suggests the differences in managerial skills as one possible explanation for the differences detected when testing Hypothesis 1. For this purpose, we substitute the independent variable used in Model 1, university spin-offs (USO) with the variables USO with a lack of managerial skills (a dummy variable with value one when the university spin-off has a lack of managerial skills) and the variable USO with equal managerial skills (takes value one when the university spin-off has the same managerial skills as independent start ups). As predicted by Hypothesis 2, the variable USO with equal managerial skills is not statistically significant at the usual levels. Hence, when the managerial skills are the same, university spin-offs and independent start-ups have the same probability of being backed by a venture capitalist. Consequently, only those university spin-offs with a lack of managerial skills with respect to independent start-ups have a statistically significant (1% level) greater likelihood of having venture capital. This happens independently of the control variables finally used in the estimation (Model 4 and
Model 2) 11 . From the LOGIT estimation in Model 4, ceteris paribus, university spin-offs without managerial skills in their founding team are 11.82% and 11.66% more likely to receive venture capital than independent start-ups and university spin-offs with managerial skills respectively (this last difference, 11.66%, is statistically significant at the 5% level).
Furthermore, the difference in managerial skills is the only explanation for differences between university spin-offs and high-tech independent start-ups that receive support.
When only the control variables are considered, Model 3, the coefficient of the variable USO is statistically significant (5% level) and even greater (although the differences are not statistically different 12 ) than that estimated in Model 1, Table 3 . So in this case the variables current employees, team size, degree of debt, IP protection, and unknown IP protection do not have statistical significant power for explaining the differences in the likelihood of being backed by venture capitalists between university spin-offs and independent start-ups. Although the set of the control variables used do not explain the differences between the two kinds of firms analyzed, it can (in fact does) explain part of the variation in the likelihood of being backed by venture capitalists within technology based start-ups.
The firm size (Ln current employees) has a non-significant effect while team size has a negative and statistically significant (5% level) effect on the probability of receiving venture capital. Ceteris paribus, single teams have 27.42% higher probability of acquiring venture capital funds than two-member teams. Altogether, we have partial evidence for the financial constraint argument. While smaller founding teams enhance the likelihood of venture capital reception, the size of the project measured by current employees has non-significant effects.
11 Furthermore, the idea can not be rejected, at the usual levels of significance, that the differences between the coefficients associated with managerial skills estimated in both models 2 and 4 are zero. Prob The degree of debt has a positive but non-significant relation to venture capital, which entails little evidence about the argument that higher levels of debt imply higher probabilities of receiving venture capital. Regarding the degree of IP protection we observe that in those firms with a higher number of patents, licenses and their own brands there is a greater and statistically significant (5% level) presence of venture capitalists. In fact, ceteris paribus, the introduction of 10 patents, licenses or own brands (from a firm without previous protected innovations) implies an increment of 6.37% in the probability of receiving venture capital funds. Consequently, as the amount of IP protection implies better legal protection capacity of innovations, the above result supports the prediction that well-protected technology facilitates agreements with external parties. Neither the sector nor the age of the firm is statistically significant.
V. DISCUSSION AND CONCLUSIONS
The lack of managerial skills has been largely emphasized as one of the main differences between university spin-offs and high-tech independent start-ups (Colombo and Delmastro, 2002; Shane and Khurana, 2003; Shane, 2004; Vohora et al., 2004) .
This paper provides a preliminary analysis of the consequences of such differences on the presence of venture capitalists. From a questionnaire answered by a sample of 64 firms, which included 40 Spanish university spin-offs and a comparison sample of 24 high-tech independent start-ups, we found that on average, university spin-offs are more likely to have venture capital than independent start-ups (Hypothesis 1). In our sample this is basically explained by the greater presence of venture capitalists in those university spin-offs whose founding team has a lack of managerial skills (Hypothesis 2).
Despite the limited size of the sample, these results are statistically significant.
Those results can be related with the existing literature on the determinants for venture capital to back a high-tech firm. Initial qualitative studies analyzing the venture capitalists' preferences (Macmillan et al., 1985 (Macmillan et al., , 1987 Muzyka et al., 1996; Shepherd et al., 2000) find that they prefer to finance those founders with higher skills. On the other hand, papers analyzing the entrepreneurs' preferences (Brau and Fawcett, 2006; Giudici and Paleari, 2000) confirm the suggestions of the pecking order argument, entrepreneurs prefer to preserve decision-making control and ownership, so they will look for venture capital only when it is needed. From the complementary assets theory (Teece, 1986) some authors suggest that the new technology based firms need venture capital in the case of a lack of managerial skills. In fact, with data at firm-level, empirical studies find evidence that founders with less managerial skills have a greater likelihood of receiving venture capital funds (Shane and Stuart, 2002; Heirman and Clarysse, 2004; Baum and Silverman, 2004; Clarysse et al., 2007a; Beckman et al., 2007; Colombo and Grilli, 2009) .
A limitation of the data, also shared in our case, is that information only appears about the agreements that were actually made between venture capitalists and founders. So we do not directly observe which entrepreneurs have asked for venture capital, or whether they have received offers from venture capitalists. Previous empirical evidence suggests that venture capital firms put their effort into searching for major projects and await proposals from those entrepreneurs that need their external funds. In the case of Spain, Martí-Pellon (2002) classifies major projects to be those requiring a first investment equal to or higher than €3 million. In the sample analyzed, no firm required this investment at the stages taken into account. In that regard, the evidence is interpreted as a way of understanding the reasons that lead entrepreneurs to seek venture capitalists, in particular academic ones. Obviously, further research is needed to confirm that the results really are due to differences in the behaviour of entrepreneurs.
The evidence presented here supports the hypothesis developed from the complementary assets theory (Teece, 1986 ) that university entrepreneurs with less managerial skills will require more venture capital funds. Those university spin-offs created by founding teams without managerial skills are less competitive than other start-ups (Ensley and Hmieleski, 2005) . One way of reducing such limitations is to find people that can provide such complementary abilities (Teece, 1986) . Venture capitalists could be one source. As we do not provide direct evidence that they are really providing it, the evidence is also consistent with the idea that venture capitalists are not providing such assets but guiding entrepreneurs and positioning the firms closer to the correct networks for acquiring it. In one or another case, venture capitalists are facilitating the access, directly or indirectly, to such complementary abilities.
In fact, our data only supports the complementary assets theory (Teece, 1986) as an explanation for the finding that venture capital is more present in university spin-offs than in independent start-ups Toole and Czarnitzki, 2007) . Given the low number of observations available we have to be cautious when rejecting other possible explanations such as financial constraints, the level of debt, intellectual property protection or the role of TTO. Perhaps, a more prudent interpretation of our results is that, at least, the lack of managerial skills is the most significant explanation for the greater presence of venture capitalists among university spin-offs than in independent start-ups.
However, the pecking order argument seems to be a Although the pecking order argument seems a consistent explanation for all the above results, other interpretations, ad hoc for the different control variables, have been included in the literature. Hellman and Puri (2000) and Mann and Sager (2007) emphasize the signalling role of the intellectual property protection that facilitates the access of firms to venture capital funds. Regarding debt, Ou and Haynes (2006) point out that entrepreneurs' attitudes to risk will influence the financial structure of firms, predicting some complementarities between debt and venture capital. From the empirical evidence provided we can not rule out any of those or other possible interpretations.
Moreover, as the presence of venture capital and all of the control variables are contemporaneous, with the exception of the size of the founding team, the reverse causal explanation for the effects of such control variables can not be ruled out. For example, Kortum and Lerner (2000) indicate that the presence of venture capitalists' investments positively affects innovative output. Intellectual property protection has been interpreted as a measure of firms' innovative output (Shane and Stuart, 2002; Colombo et al., 2006) although it has often been criticized: "patents are primarily legal titles that protect the output of an innovation process from being copied" (Engel and Keillbach, 2007, p. 155) , given that they are not measuring any other kind of innovation.
Obviously, reverse causality is inherent to cross-section studies. Furthermore, in crosssection studies we can only observe whether the firm now maintains, or not, a venture capital relationship. When the reasons why a venture capital relationship is established or broken are the same, then the moment of entry and exit are irrelevant and the results from cross-section studies are valid for understanding both phenomena. Academia has focused very little on such venture capital exits as trade or liquidations (Giot and Schwienbacher, 2007) , which are the relevant for our sample of firms, given that no university spin-off has been listed in the stock market. So we do not know whether reasons for exit might be quite different from those for entry, and hence the possible implications for the interpretation of our results. Only future studies with panel data can solve these problems of reverse causality and test for differences in the factors that influence how venture capitalists enter or exit a new technology based firm.
Although a priori we do not expect relevant biases in the sample, we have to be cautious when extending our findings to other situations, and consequently deriving policy and managerial implications. Given their limited operating history, independent start-ups or university spin-offs have been identified by Cassar (2004) as the most opaque firms in the economy with respect to information. An example of that is the unavailability of a census either for high-tech firms or for university spin-offs, at least in Spain. The consequence is that we can not compare our sample with the population in order to understand their representativeness. Although no major biases are expected, as commented in the sample description, only more efforts to identify such populations can confirm our expectations.
The evidence has been generated in a specific context, Spain. The structure of ownership and property rights to university inventions is fairly similar to that of the US and other countries (Geuna et al., 2003) . Perhaps the main difference with respect to the US is the more predominant role of state universities, but this is common in other countries like France, Italy and the UK. In this sense, previous empirical work (Ortín et al., 2008) with the same data provides evidence that the main characteristics of Spanish university spin-offs are fairly similar to other countries (Roberts, 1991; Chrisman et al., 1995; Shane 2004 or Vohora et al., 2004 , Ensley and Hmieleski, 2005 especially in terms of the founders' lack of managerial skills. On the other hand, the venture capital market in Spain is less developed than in other countries in terms of the total volume of resources and projects (Martí-Pellon, 2002) . Although this is true, the presence of venture capital in the firms analyzed is fairly similar to that obtained in other countries like Belgium (Heirman and Clarysse, 2004 or Clarysse et al. 2007a ). So, a priori, the analyzed context does not seem particularly different to other European countries, but more evidence is needed from other institutional contexts to confirm such expectations.
While such evidence is generated, the theories supported have managerial and policy implications. University entrepreneurs must be especially aware of their managerial capabilities and experience. If the founding team has sufficient managerial skills, venture capital seems to be a last resort for obtaining resources, particularly if their innovations are not (or cannot be) well protected. But, in the cases where their managerial experience is low, venture capitalists can be a complement in gaining access to such abilities. Their concern has to be whether this is the most efficient way of obtaining it. The association with venture capitalists can increase the risk of losing the economic income from some innovations.
The results could also be of interest to policy makers, mostly those in charge of public programs that stimulate venture capital 13 and/or the commercialization of academic innovation 14 . The results show that university spin-offs with founders that have a lack of managerial skills could be more interested in incorporating venture capital than other high-tech firms. Policies facilitating contact, information transmission and trust between venture capitalists and TTOs could enhance and stimulate the extension of venture capital and, as is also pursued, in those sectors with more added value. Level of Statistical significance: *** 1%,**5%, *10%. Standard error in parenthesis
